ABSTRACT: Coral reefs are being degraded worldwide by perturbations that range from local disturbances to large-scale climate forcing. To gain insight into possible responses of the fish community to losses of live coral, we surveyed large plots that represented the range in cover of live coral in lagoons of Moorea, French Polynesia, to explore relationships between cover of live coral and 3 attributes of the associated fish community: species richness, total abundance, and species composition. All measured attributes of the fish community were insensitive to changes in live coral cover over a wide range before falling sharply as live coral cover approached zero. A field experiment in which the percentage of living tissue of branching coral was varied while total coral volume and structural complexity were kept constant revealed a rapidly asymptotic relationship of fish richness with increases in cover of live coral that was qualitatively identical to the pattern documented in our surveys. There was qualitative agreement in the pattern of abundance response of fish with variation in cover of live coral between the experiment and field surveys. While the structural heterogeneity provided by coral skeletons can influence the local fish assemblage, the experiment reported here demonstrates that the amount of living coral tissue alone can have a substantial effect on the structure of the fish assemblage. Taken together, the results suggest that local fish assemblages could be resistant to variation in abundance of live coral, changing significantly only as coral becomes rare, while recovery may occur with only modest increases in live coral.
INTRODUCTION
There is mounting urgency to understand how ecosystems respond to natural and anthropogenic perturbations because of forecasted increases in their frequency, intensity, and/or spatial scale (Vitousek et al. 1997) . In addition to understanding how perturbations may alter structural (e.g. biodiversity, species composition) and functional (e.g. productivity) components of natural communities, it is important to gauge ecosystem stability to the disturbance regime. One aspect of stability is resistance, i.e. the amount of disturbance a system can absorb without undergoing a fundamental change (Grimm & Wissel 1997) . A second measure of stability is resilience: the rate of recovery of a system to a former condition following a temporary disturbance (Pimm 1984 , Grimm & Wissel 1997 . The capacity of a system to resist state change and recover from perturbations has practical implications that warrant the growing attention on these aspects of natural communities (Syms & Jones 2000 , Miller et al. 2007 , Wertz et al. 2007 ).
Of particular interest are perturbations to foundation species because of the great potential for secondary effects on community structure and function. Organisms such as giant kelp on temperate marine reefs and hermatypic corals on tropical marine reefs are foundation species because of their central role as primary producers in their respective ecosystems and because they serve as a major source of habitat structure.
Habitat degradation has been identified as a major cause of loss of biodiversity in terrestrial systems (Vitousek et al. 1997) , and it is increasingly recognized as an important driver in marine ecosystems (Munday 2004 , particularly where organisms supply significant habitat structure. Reef-building corals, which provide structural habitat for thousands of other species, are subjected to recurrent pulse disturbances (Connell 1997 , Hughes & Connell 1999 , McCulloch et al. 2003 , Connell et al. 2004 and are increasingly threatened by long-term climate forcing (Kleypas et al. 1999 , Nyström et al. 2000 , Knowlton 2001 , Pandolfi et al. 2003 , Baker et al. 2004 , Bellwood et al. 2004 , Lesser 2007 . While declines in abundance of hermatypic corals have already occurred at local to regional scales in some localities, there are predictions of widespread loss of coral due to climate change (Hoegh-Guldberg 1999, Knowlton 2001 .
It is widely appreciated that coral reefs represent the most diverse ecosystems within the marine environment. For example, despite occupying a miniscule portion of the ocean floor (~0.2%), coral reefs support upwards of one-third of all known species of marine fishes (Moberg & Folke 1999 , Lough 2008 . Although changes in the coral community can affect associated fish assemblages (Halford et al. 2004 , Jones et al. 2004 , Munday 2004 , the ability to predict such responses is still in its infancy ). In part, this stems from the diverse types of perturbations that can reduce the cover of live coral, degrade reef structure, and/or alter species composition of the local coral assemblage and the fact that different perturbations often interact with one another. Investigations of responses of fish assemblages to disturbances that affect cover of live coral have revealed a range of results, from no apparent change to reductions or even increases in abundance of particular species of fish (Jones & Syms 1998 , Adams & Ebersole 2004 , Halford et al. 2004 , Jones et al. 2004 , Munday 2004 , Downing et al. 2005 , Bellwood et al. 2006 , Garpe et al. 2006 , Munday et al. 2008 . By their nature, studies of natural disturbances are opportunistic, and investigators have no control over the history, frequency, intensity, or spatial scale of disturbances on reef habitats.
Experimental studies potentially provide a more rigorous approach to estimating effects on local fish assemblages resulting from local scale changes in coral, but to date, few such manipulations have been conducted (Lewis 1997 , 1998 , Jones & Syms 1998 , Syms & Jones 2000 , 2001 , Feary 2007 , Feary et al. 2007a . Not surprisingly, individual species with a high ecological dependence on coral often show the strongest responses to natural or experimentally induced variation in abundance of coral (e.g. Lewis 1997 , Jones et al. 2004 , Munday 2004 , Berumen & Pratchett 2006 . Syms & Jones (2000) found that the most extreme and persistent change in the fish assemblage occurred when the high structural heterogeneity of living corals was reduced experimentally to low-dimensional dead rubble. However, less severe habitat degradation also can measurably affect fish assemblages. For example, experimental reductions in cover of live coral that left the colony structures intact resulted in significantly lower abundances of new fish recruits, and these were predominantly algae-associated fish species (Feary et al. 2007a) .
In the present study, we used a combination of surveys and field experimentation in lagoons of Moorea, French Polynesia, to (1) estimate the functional form of the local relationship between variation in coral cover and attributes of the associated fish assemblage, and (2) isolate the influence of variation in cover of living coral tissue from that due to the physical structure of the coral. Surveys yielded information on how species richness, abundance, and taxonomic similarity of the fish assemblage varied across the natural range in cover of live and total (i.e. live + dead) coral. The experiment, conducted using constructed patch reefs, enabled us to verify the larger-scale survey patterns and to explore responses of fish to variation in cover of living coral tissue alone. The estimated functions allowed us to assess resistance of the fish assemblage to changes in their coral habitat and to identify possible tipping points in the system. (Randall 1985 (Randall , 2005 , and 280 species were recorded along a single ~1.5 km transect that extended from shore to the fore-reef on the north side of Moorea (Galzin 1987) . We have recorded a cumulative total of 150 species on a set of mid-lagoon patch reefs of the coral Porites rus (range in size: ~0.5 to 2 m 3 ) with a maximum of ~30 species found on any single patch reef (Holbrook et al. 2002a ,b, Brooks et al. 2007 ). In total, 134 fish species were observed in the surveys conducted for the present study.
METHODS
Spatial surveys. The number of individual fish by species was quantified in 19 500 m 2 (50 × 10 m) plots all located approximately mid-way between the shore and barrier reef in the Vaipahu and Maharepa lagoons. Plots were chosen to represent the range in cover of live coral present in mid-lagoon habitats (1 to 50%), and all were situated in a 7 km stretch of the north shore of the island. Adjacent plots were no closer than 200 m, and there was no systematic relationship between similarity in cover of live coral and proximity of sites to one another. Scuba divers identified and counted all reef-associated fish and mapped the corals on each survey plot over a 3 mo period during the austral winter. All fish counts were done by the same 2 observers. The total number of species observed by both divers was summed to obtain the species list for a plot. For abundance, we used the larger number observed by the 2 divers for any given species with up to 25 individuals, after which the average of the 2 counts was taken. The divers spent the same amount of time per unit of coral on each plot. Substrates were not disturbed in order to count cryptic fish species, so our estimates of species richness are likely conservative. For each plot, all corals with a diameter >15 cm were identified, measured, and mapped (mean = 99 corals per plot, range 6 to 301), and the percentage of each colony that was alive was estimated. The proportion of the substrate that was occupied by living and by dead coral was calculated for each plot.
Metrics. For each survey plot, species richness was the total number of species of fish observed and total abundance was the sum of the counts for all species. Similarity in species composition was estimated by comparing each survey plot to the plot with the highest cover of live coral using ordination analysis (PC Ord Version 4.27; Sorensen [Bray-Curtis] distance measure used). Taxonomic similarity values were analyzed both on matrices of presence-absence data for species (to compare species lists), as well as on matrices of logtransformed abundance (to compare relative abundance).
Estimating the functional relationships. To statistically assess the shape of the relationships of species richness, total abundance of fish and similarity in species composition with variation in the cover of living coral, fits of the data with the following 3 parameter model (Shepherd 1982 , Schmitt et al. 1999 were made:
where A is the dependent variable (species richness, abundance, or similarity) at coral cover S, and a, b, and d are fitted parameters. d controls the shape of the curve; the relationship is linear when d = 0, decelerating but not saturating when 0 < d < 1, saturating when d = 1, and dome-shaped when d > 1 (Shepherd 1982) .
For each comparison, we estimated the value and 95% confidence interval for d using SAS Proc NLIN (v. 9.1). When d = 1, a represents the initial slope of the relationship, b the asymptotic value, and b/a the half-saturation point (the point at which the response variable reaches 50% of its asymptotic value). The advantage of using this statistical approach is that the shape of the relationships can be tested directly through the values of the parameter d. Experimental test of effect of live coral cover. In the surveys, the cover of live coral co-varied positively with the cover of dead coral among plots. To help establish causation for patterns observed in the surveys and to isolate the effect of variation in living coral tissue from variation in habitat complexity, we conducted an experiment where the total volume and structural heterogeneity of coral were held constant among plots while the proportion of live coral was manipulated to mirror the range in cover of living coral observed in the surveys. We constructed 25 experimental patch reefs (hereafter 'experimental plots') each 1 m 2 in area on a sand plain in the Maharepa lagoon by transplanting live and dead colonies of the branching coral Pocillopora eydouxi using established techniques (Schmitt & Holbrook 2000) . This experiment was not intended to replicate natural multispecies sets of corals; rather, it tested responses of the fish assemblage to differences in the proportion of live versus dead cover of one of the most common branching corals observed in the lagoons of Moorea when total volume and structural complexity were held constant. Adjacent experimental plots were >15 m apart. Colonies of P. eydouxi, 4 to 6 per plot, were placed on a plot such that each contained an equal volume and physical structure of coral. Treatment levels were the percent of the coral colonies that was alive (0, 25, 50, 75, or 100%) , which corresponded to a treatment mean of 0, 9, 24, 42, or 48% of the bottom of the plot being covered by living coral. There were 5 replicate plots within each level of the live cover treatment, and individual treatment levels were assigned to experimental plots using a complete block design.
Survival of transplanted live corals was 100%, and deterioration of the dead corals was minimal, so total volume of coral (both live and dead) as well as structural complexity of all experimental plots remained similar and unvarying throughout the experiment. Dead corals did not accumulate macroalgae. At the start of the experiment, no fish were present on the plots, but fish rapidly colonized via recruitment of larval stages and immigration of older individuals. Counts of all fish associated with each plot were made by scuba divers every 3 mo; for each sampling period, duplicate fish counts were made on 2 different days. Here we report counts on experimental plots made at 12 mo to avoid initial transient behavior and to match the seasonal period (austral winter) when the large plots were surveyed.
One-way analysis of variance (ANOVA) was used to test for differences in species richness among the live coral cover treatments. In addition, we used the 3 parameter Shepherd model described above to statistically determine the shape of the functional relationship between species richness and cover of live coral in the experiment. To minimize effects of demographic stochasticity due to the small size of an experimental plot, we used the cumulative number of species observed on all 5 experimental plots within a treatment level to assess the relationship of species richness with cover of live coral tissue.
To assess whether the structure of the assemblage that formed on the experimental plots was similar to that on natural reef areas, we categorized species into 6 general trophic groups based on information reported in the literature (e.g. Randall 2005 ): herbivores, meso-(and micro-) carnivores, corallivores, piscivores, planktivores, and omnivores. We operationally defined omnivores as species that consumed organisms on 3 or more trophic levels (e.g. algae, crustaceans, coral polyps, fishes). Many of the piscivores also ate smaller invertebrates, but meso-carnivores never consumed fishes. Similarly, corallivores only or primarily derived nutrition from coral tissue. We calculated the proportion that each trophic group represented of the total number of species in each plot type (i.e. of 134 species from natural plots; 34 species from experimental plots). Trophic groups were ordered with respect to numerical dominance in each plot type, and the Spearman rank correlation coefficient (with tied observations receiving the same ranks) was calculated to assess the match in rankings.
We also gauged how specific taxa in the assemblage on the experimental plots responded to variation in live coral cover, based on knowledge of habitat requirements and data from the spatial surveys. First, we identified species (N = 5) in the assemblage that are known to occur only in live branching coral, and we examined whether they occurred in experimental plots that contained only the dead branching coral skeletons. Second, we assessed abundance patterns across the range of coral cover in the experiment for all species where at least 10 individuals were enumerated (N = 8 species). This was done by comparing total abundance of each species on the 2 treatments with lowest coral cover to abundance on the 2 highest coral cover treatments. Earlier we had used a similar approach with the 'core' assemblage of 29 species from 13 different families seen in the survey plots (Holbrook et al. 2006) . In that analysis, species exhibited 3 different patterns of variation in abundance among the sites. As cover of live coral increased across the sites, 16 species increased in abundance, 5 species decreased, and 8 species did not change (Holbrook et al. 2006) . The patterns of abundance exhibited by the 8 species in the experiment were compared to their pattern already reported by Holbrook et al. (2006) for the spatial surveys.
RESULTS
We observed a total of 9879 fish of 134 species in 30 families in the survey of the 500 m 2 natural plots. Most species in the assemblage were represented by few individuals, with 84% of the 134 species each constituting <1% of the total number of individuals sampled. Both species richness and total abundance of fish (Fig. 1) showed rapidly decelerating relationships with increases in cover of live coral. The relationships were characterized by steep initial increases over the lowest values of coral cover, with relatively little to no change after live cover exceeded ~10%. Statistical analyses indicated that the relationship was asymptotic for species richness (d = 0.97 ± 0.16; mean ± 95% CI; see 'Methods') and nearly so for abundance (d = 0.83 ± 0.16; mean ± 95% CI). The estimated half-saturation point for species richness occurred when cover of living coral was just 1.1%. Thus, richness of the fish assemblage was relatively insensitive to variation in cover of live coral over virtually all of the range in cover, but was reduced precipitously when live coral was rare. This did not stem from limitations imposed by the local species pool, because even the most speciose plots contained less than half of all species enumerated during our surveys, and an even smaller fraction of the species known to occur on the north shore of Moorea (Galzin 1987 , Holbrook et al. 2002a ,b, Brooks et al. 2007 ). The pattern for total abundance of fish was slightly different in that fish gradually declined in abundance over most of the range in coral cover; however, the sharp decline in fish abundance over the lowest values for coral cover was similar to the pattern for species richness (Fig. 1) .
Our estimate of species composition (i.e. taxonomic similarity of each plot to that having the highest cover of live coral) was also a rapidly saturating function of live coral cover (d = 0.96 ± 0.16; mean ± 95% CI). Hence, species composition remained similar across a broad range of live coral cover until taxonomic similarity declined sharply when live coral cover fell below 10% (Fig. 1) . Results were robust regardless of whether taxonomic similarity was calculated based on presence-absence data or when relative abundance data were incorporated in calculating similarity (d = 0.88 ± 0.18; mean ± 95% CI). Thus, like species richness and total abundance, species composition of the assemblage was quite resistant to variation in cover of live coral except when it was rare.
In our spatial surveys, the cover of live coral covaried positively among plots with that of dead coral (r = 0.92; p < 0.001); this means that heterogeneity in physical structure also varied among the plots as a function of total coral cover (live + dead). The field experiment, designed to isolate the role of living coral tissue from other confounding influences, helped us determine whether the observed rapidly saturating relationship for species richness in the survey resulted from responses of the fish assemblage to the amount of live coral, dead coral, or total coral on a plot. Thirtyfour species of fish occurred on the experimental plots after 1 yr, and there were significant differences in species richness among the live coral treatments (AVOVA F 4,20 = 8.82, p < 0.0003). Importantly, the fit of the Shepherd function revealed that the relationship for the experimental plots between species richness and variation in cover of living coral tissue was asymptotic ( Fig. 2 ; d = 0.93 ± 0.77; mean ± 95% CI). The estimated half-saturation point for richness occurred at 1.4% cover of living coral, a value that is similar to the half-saturation point for species richness observed during the large plot surveys. Thus, despite differences between the experiment and survey with respect to plot size (5 versus 500 m assemblage, and number of fish species observed (34 versus 134 species), the relationships between richness and variation in live coral were both qualitatively and quantitatively similar. By contrast, richness declined monotonically with increasing cover of dead coral among experimental treatments (Fig. 2 , r 2 = 0.95, p < 0.005). Thus, the experiment revealed that species richness is a rapidly saturating function of the cover of live and not dead coral.
The 34 species observed on the experimental plots after 1 yr collectively represented 12 families; the lowest live coral cover treatment had about half as many species and families as did any of the other treatment levels ( Table 1 ). The trophic structure of the fish assemblage that formed on the experimental plots was qualitatively similar to that observed in our survey of natural plots (Fig. 3) . Compared to natural plots, species of herbivorous and planktivorous fishes were somewhat over-represented (with a commensurate under-representation of other trophic groups) in the experimental plots (Fig. 3) . Nonetheless, Spearman rank correlation indicated that the order of proportional representation of trophic groups was highly correlated between the natural and experimental plots (r s = 0.89; p < 0.05). Thus, despite differences in plot sizes and variation in morphology of corals present, the trophic structure of the fish assemblage on experimental plots was quite similar to that on natural reef areas.
The responses of species to variation in live coral cover in the experiment were congruent to expectations based on habitat affinities and the patterns of variation observed in the spatial surveys. Of the 5 species known to inhabit live branching coral (Chromis
viridis, Dascyllus aruanus, D. flavicaudus, Caracanthus maculatus, Neocirrhites armatus)
, none was present on experimental plots that contained only dead branching coral. Abundances of 8 additional species across the range of coral cover were examined; 5 species increased in abundance with increases in coral cover (Stegastes nigricans, Chaetodon citrinellus, Paracirrhites arcatus, Pseudocheilinus hexataenia, Thalassoma hardwicke), 2 species declined (Gnatholepis anjerensis, Pomacentrus pavo), and 1 species did not vary (Halichores trimaculatus). These patterns were identical to those quantified for those species in the surveys and reported earlier (Holbrook et al. 2006) .
DISCUSSION
Because ecosystems are subjected to a range of natural and anthropogenic perturbations, ecologists have long sought to understand how community structure, ecosystem processes, and ecosystem properties such as resistance and resilience are likely to respond. Disturbances that alter the abundance of foundation species are of particular interest because of the role foundation species play in providing structural habitat and additional resources for numerous other species. In general, however, we lack sophisticated understanding of the scope of possible effects (e.g. Lawton et al. 1998 , Jones et al. 2004 ). Hermatypic corals are the key foundation group of the coral reef ecosystem, and there is a substantial body of work on the effects of disturbances on the local abundance and diversity of corals, as well as on patterns and processes of coral recovery (Connell 1997 , Hughes & Connell 1999 , Connell et al. 2004 , Halford et al. 2004 , Grottoli et al. 2006 . Corals experience a variety of natural and anthropogenic perturbations that span broad spatial and temporal scales, ranging from acute localized disturbances (e.g. intense storms, outbreaks of predators) to more gradual widespread change in environmental conditions (e.g. climate change). Declines in coral are predicted to increase considerably in the coming decades , Pandolfi et al. 2003 , Bellwood et al. 2004 . As coral reef ecosystems contain about one-third of all known species of marine fish species (Moberg & Folke 1999) , it is critical to understand how changes in the coral community will affect the associated assemblage of fishes.
Our substitution of coral variation in space as a proxy for change over time produced non-obvious insights regarding possible responses of coral reef fish communities to disturbance-and climate-driven reductions in the abundance of live coral. Foremost among these is the possibility that the fish community as a whole may be resistant to declines in living coral over a wide range in coral cover prior to rapid collapse as coral becomes scarce. We found that species richness and the general composition of the fish assemblage remained essentially unchanged across a broad gradient in cover of live coral, and that the total abundance of fish declined only gradually over this same large range. The apparent tipping point for these attributes of the fish community occurred when cover of live coral fell below 5%. The fact that the observed rapidly saturating functions were due to variation in cover of live coral, rather than variation in cover of dead or total coral, was confirmed by our field experiment. The communities that formed on the experimental patches were similar in trophic structure to those on nearby natural reefs, and individual species displayed the same responses to variation in the amount of live coral both in the survey plots and in the experiment. In addition, the relationship between species richness and amount of live coral cover in the experiment had the same asymptotic functional form as that observed in the spatial surveys. While local structural heterogeneity of the habitat is a known influence on the associated fish assemblage, the experiment reported here revealed the important influence of variation in the amount of living coral tissue alone.
Our finding of resistance in the fish community at Moorea, French Polynesia, may explain why, for example, a ~90% decline in cover (from 66 to 7%) of branching corals at Kimbe Bay, Papua New Guinea, over an 8 yr period was accompanied by just a ~22% decline in species richness of the associated fishes (Jones et al. 2004) . Similarly, Downing et al. (2005) found little change in species diversity and composition during the 5 yr period following a coral bleaching event that resulted in substantial mortality of coral in portions of their study area (Aldabra Atoll, Seychelles). Indeed, the analysis of published data by Wilson et al. (2006) revealed consistently lower proportionate reductions in fish species richness relative to the magnitude of decline in cover of live coral. If it is the case that the fish assemblage is resistant, tracking attributes of the fish community would not provide an accurate depiction of the overall state of a coral reef ecosystem. Lack of a cohesive response among different taxonomic groups would require that each be tracked to determine the impact of disturbances or climate forcing on attributes of the reef ecosystem. A similar conclusion was drawn for predicting the effects of disturbance on biodiversity in a tropical forest ecosystem (Lawton et al. 1998) , underscoring the need for more information to accurately predict effects of disturbances and climate forcing on biodiversity. Jones et al. (2004) estimated the percent of obligate coral specialists to be about 11% for Indo-Pacific fish species, and it is reasonable to expect these species to be most severely affected by losses of live coral. A variety of studies have revealed clear patterns of response of these specialized species to variation in abundance of live coral. For example, local populations of 6 species of coral goby in Kimbe Bay, Papua New Guinea, all decreased following a decline in the local abundance of Acropora coral, and the proportional loss increased with the degree to which a goby species specialized on Acropora (Munday 2004) . Similarly, responses of butterflyfishes to a decline in coral cover following a bleaching event varied as a function of their dependence on hard corals for food . Consistent with these findings, in the present study, species with known dependence on live branching corals did not colonize the experimental plots that contained only dead Pocillipora.
However, in addition to providing critical resources for specialist species, corals are used by at least 1 life stage of many fishes for a wide variety of functions including feeding, nesting, and sheltering from predators. Because of the variety of lifestyles exhibited by coral reef fishes, and the relatively small proportion completely dependent on live coral, it is not clear how assemblage characteristics such as total abundance or species richness would vary as abundance or diversity of live coral changes. In a meta-analysis involving 12 different studies across a broad geographic range, the amount of loss in species richness of local fish assemblages was related to the severity of temporal decline in cover of live coral, although declines in species richness of greater than 20% occurred only when losses of coral cover were large (> 50%; Wilson et al. 2006) . Also, species richness was sometimes higher following declines in coral, and responses became much more variable as the magnitude of decline in coral increased, with increases at some sites and losses of species richness at others even when cover declined > 50% . The results from our spatial surveys on Moorea suggest possible temporal responses in fish species richness to declines in coral cover. Similar to the findings from the temporal studies reported by Wilson et al. (2006) , sites at Moorea with less coral cover sometimes had higher species richness of reef-associated fish than locations with the highest observed cover. Differences in species richness of > 20% in our spatial dataset occurred only at sites that had 80% less than the observed maximum cover of live coral.
Studies of the coral and fish assemblages following a severe disturbance on the southern Great Barrier Reef when coral cover declined from > 80 to <10% and most species of fish declined in abundance suggested largescale resilience and predictable recovery (Halford et al. 2004 ). Recovery of coral was initially slow, but then accelerated and reached pre-impact levels within about a decade. The temporal patterns of fish species richness and abundance largely tracked that of the hard coral (Halford et al. 2004) . By contrast, the observed functional relationships in our study suggest that biodiversity, trophic structure, and overall abundance of fishes could essentially recover to their predisturbance states after only a modest return in the cover of living coral. While it might take a long time for the coral community to completely recover (Connell 1997 , Hughes & Connell 1999 , Connell et al. 2004 , the fish assemblage could recover at a much faster rate. There is, of course, an important scale dependency here: the degree of population connectivity needed to buffer local populations against persistent declines in abundance must increase as the spatial scale of disturbance increases (Munday 2004 , Steele & Forrester 2005 . Hence, it is unclear whether the fish community is likely to retain relatively great resistance and resilience as the abundance of coral declines on an ever increasing spatial scale as may occur from climate-driven environmental forcing. Nonetheless, these findings suggest that delineating functional relationships between biogenic habitat and associated biota can provide useful insight into likely community-level responses to disturbances on foundation species. 
